Facioscapulohumeral muscular dystrophy (FSHD) is an autosomal dominant hereditary neuromuscular di-
Introduction. FSHD is a dominant neuromuscular disease linked to chromosomal rearrangement within the subtelomeric region of chromosome 4q (4q35) with a prevalence of 7 in 100 000 characterized by weakness and wasting of the facial muscles, the shoulder and pelvic girdle muscles and the muscles of lower extremities (for review see [1] ). The disorder is genetically linked to a deletion of an integral number of tandemly arrayed D4Z4 repeat units [2] . The D4Z4 repeats and neighbouring regions of the 4q35 locus are enriched in various regulatory elements [3] [4] [5] . Transcriptional profiling of muscle biopsies of FSHD patients and in vitro cultured FSHD myoblasts revealed a defect in myogenic differentiation program [6, 7] and deregulation of genes related to oxidative stress [8, 9] . Deregulation of proteins involved in oxidative stress and mitochondrial metabolism was also demonstrated in muscle biopsies of FSHD patients by a proteomic approach [6, 8] .
It is of note, that transcriptome and proteome profiling of muscle biopsies or crude, non-purified myoblast cultures can be biased by the presence of contaminating non-muscle cells. This problem is especially pronounced in case of muscular dystrophies where infiltration of muscle tissue by inflammatory, fat or connective tissue cells is a well-known phenomenon [10] . However, up to now proteomic analysis has not been done on pu-re FSHD myoblasts sorted using an appropriate surface marker e. g. CD56 (NCAM) that is expressed in myoblasts but not in adipocytes or fibroblasts.
Here we report the first proteomics analysis of CD56+ FSHD myoblasts. We found that in contrast to myoblasts isolated from normal individuals, FSHD myoblasts fail to downregulate vimentin after induction of in vitro myogenic differentiation. The increased expression of intermediate filament protein vimentin might contribute to abnormal morphology of FSHD myotubes observed previously [11] .
Materials and methods. Cell culture. Primary CD56+ myoblasts were isolated from normal subjects and FSHD patients as described [11] . Proliferating myoblasts were cultivated in proliferating medium (DMEM # D6546 («Sigma», USA), Glutamine 4 mM, Gentamycin 50 µg/ml, 10 % FCS) at 40-50 % confluency. To induce myogenic differentiation via serum starvation, proliferating myoblasts were placed for 3 days in differentiation medium (DMEM # D6546 («Sigma»), Glutamine 4 mM, Gentamycin 50 µg/ml, 2 % FCS) at confluency 70-80 %.
Protein extraction and gel-electrophoresis. Cells were washed by 1 ´ PBS then lyzed directly on plates using RIPA buffer [12] . Protein extracts were separated on 10 % SDS-PAGE (10 µg per lane) which was then stained by Coomassie Blue.
Mass-spectrometry analysis. A band of interest was excised from Coomassie stained gel and processed as described [13] . The peptide mixtures obtained from tryptic digestion of the band were analyzed with a nano-HPLC (Agilent Technologies 1200) directly coupled to an ion-trap mass spectrometer (Bruker 6300 series) equipped with a nano-electrospray source. The separation gradient from 3 % to 50 % acetonitrile was applied for 30 min, the fragmentation voltage was 1.3 V. The protein identification was performed with Spectrum Mill software package. For the confirmation and quantification of vimentin-specific peptides with m/z ratios 544.7 (QDVDNASLAR); 635.8 (LGDLYEEEMR); and 662 (EEAENTLQSFR) the ion trap was set in a MRM mode as described [13] . The analysis of the MRM data was performed with the DataAnalysis for the 6300 Series Ion Trap LC/MS Version 3.4 software package.
qRT-PCR. Cells were lysed directly on plates using Trizol («Invitrogen», USA) followed by RNA isolation according to manufacturer's protocol. 400 ng of total RNA was reverse-transcribed using high-capacity cDNA Archive kit («Applied Biosystems» (AB) # 4322171). cDNA equivalent to 200 ng of total RNA was mixed with 2 ´ TaqMan Gene Expression master mix (AB # 4369016) and 100 ml of amplification mixture were injected per port into Custom TLDA (TaqMan Low Density Array, AB). PCR amplification and fluorescence reads were performed on ABI Prism 7900HT.
Results and discussion. Total protein extracts prepared from proliferating myoblasts and differentiated myotubes originating from two healthy subjects and two FSHD patients were separated on SDS-PAGE. Coomassie Blue staining revealed that the band a, but not the band b used as a control, was less intense in normal differentiated myotubes compared to proliferating myoblasts, but had the same intensity in myoblasts and myotubes from FSHD patients (Figure, A) . We then used mass spectrometry to identify proteins that might constitute the band of interest and found that the most likely candidate is vimentin (42 peptides identified covering 72 % of amino acid sequence of vimentin). We then measured the quantity of several vimentinspecific tryptic peptides and found that they were less abundant in normal myotubes compared to myoblasts (Figure, B) . However, the amount of vimentin-specific peptides was not reduced in FSHD myotubes compared to myoblasts. We then confirmed this result by measuring the level of vimentin mRNA using qRT-PCR (Figure, C). We conclude that FSHD myoblasts are unable to repress vimentin production during in vitro myogenic differentiation.
Three filamentous networks constitute the cytoskeleton in higher eukaryotes: microtubules, actin microfilaments and intermediate filaments (for review see [14] ). Intermediate filament protein vimentin is expressed during muscle development or regeneration but not in mature myofibers, where desmin becomes the major intermediate filament protein [15, 16] .
Normal human myoblasts cultured in vitro express both vimentin and desmin. Serum starvation-induced myogenic differentiation leads to vimentin repression and desmin induction [17] . To rule out the possibility that the failure of FSHD myoblasts to downregulate vimentin is simply due to their inability to differentiate, we examined the expression of several myogenic mar-kers in differentiated FSHD myotubes. We found that in both normal and FSHD myotubes the expression of myogenesis-related transcription factors MEF2C and Myogenin (MYOG) was upregulated, while the gene of myogenesis inhibitor Myostatin (MSTN) was repressed A -Coomassie Blue stained SDS-PAGE was used to analyze total protein extracts from normal and FSHD proliferating myoblasts (Prolif) and differentiated myotubes (Diff). Vimentin was identified via mass spectrometry as the protein constituting the band of interest (band a); B -the quantity of 3 vimentin-specific peptides was measured in the band a using mass spectrometry. The quantity of each peptide in lanes 2-8 was normalized to its quantity in the lane 1. The average of three vimentin-specific peptides is shown; C -the level of vimentin mRNA was measured using qRT-PCR (TaqMan) in 5 normal and FSHD myoblasts and myotubes. Vimentin mRNA level was normalized to GAPDH mRNA; D -the expression of myogenesis markers MYOG, MEF2C and MSTN was measured using qRT-PCR in 5 normal and FSHD myoblasts and myotubes. Grey columns -proliferating myoblasts, black-differentiated myotubes. Expression levels were normalized to GAPDH mRNA. Error bars represent S. E. M., *p -value < 0.05; **p -value < 0.01 (Student's t-test) man vimentin gene contains binding sites for NF-kB, ZBP-89 and other transcription factors [18] . ZBP-89 represses while NF-kB and other factors activate vimentin promoter [19, 20] . Normal and FSHD myotubes expressed ZBP-89 at similar level (data not shown). Therefore, vimentin overexpression in FSHD myotubes is not caused by insufficient expression of its repressor ZBP-89. Conversely, vimentin gene overexpression in FSHD myotubes might be linked to NF-kB activity. As NF-kB activity was shown to be higher in FSHD [21] , we speculate that vimentin overexpression in FSHD myotubes might be due to constitutive activation of NF-kB pathway in FSHD.
The defect in cytoskeleton organization of FSHD myotubes was observed previously. In contrast to normal myotubes that form regular myofiber structure, FSHD myotubes form either abnormally thin myofibers or chaotically connected myofibers (atrophic or disorganized phenotype respectively) [11] . Vimentin is dispensable for myotube morphology of chicken myoblasts in vitro [22] , anomalies in skeletal muscles have not been noted in transgenic mice with disrupted vimentin intermediate filaments [23] and vimentin gene overexpressing transgenic mice [24] .
Therefore, it is unlikely that vimentin gene expression could cause myotube disorganization in FSHD. However, vimentin overexpression is an indicator of damaged and regenerating muscle [16] . Vimentin staining was suggested as a useful marker for regenerating fibers in muscle biopsies from patients with neuromuscular disorders [25] . We suggest that the overproduction of vimentin, a very abundant intermediate filament protein, could be used as a marker of FSHD myotubes in vitro.
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